A polyvalent OH conjugate for Salmonella 0 groups A through I, K, L, and 0 was prepared and tested against pure cultures of salmonellae, nonsalmonellae, and a variety of food, fecal, and environmental specimens. Examination of pure cultures revealed that the conjugate gave negligible staining with representative strains of Shigella, Proteus, Providence, Serratia, and Pseudomonas. However, it stained 12 % of the Escherichia coli and Citrobacter freundii strains and 36% of the Arizona strains. Over 1,200 specimens of various types were examined by both fluorescentantibody (FA) and cultural procedures. Results indicate that, when used with discretion, FA screening can be a useful tool for rapid presumptive indication of the presence of salmonellae. The need for careful selection of strains used for preparing antisera and the importance of adequate evaluation of Salmonella FA reagents are discussed.
Fluorescent-antibody (FA) techniques for detecting salmonellae have become popular in the last few years partly because of the increased interest of the food industry in a rapid, economical screening method for detecting Salmonellacontaminated products.
Most investigators have used antisera prepared for agglutination tests as their primary reagent in the indirect FA test (7, 9, 12) or for preparing a direct FA conjugate (4) . The complete antigenic coverage of these reagents is difficult to ascertain from the publications. The inadequate description of Salmonella polyvalent H reagents and the claims of greater specificity obtained with them have led some investigators to assume that the flagellar antibodies are responsible for the better performance in FA tests (4) . The typical cell wall staining obtained with Salmonella H antisera has been shown to be due to the 0 antibodies in the reagent (6, 14) , but FA reagents produced with formalinized whole cell antigens have also given higher staining titers than those produced with heated antigens (2, 13) .
Developing an FA reagent for salmonellae is a time-consuming and complicated task. The multiplicity of antigens within the group and their similarity to antigens of nonsalmonellae necessitate a compromise between the sensitivity and specificity of the reagent. Any FA reagent devised for detecting Salmonella must be characterized as to its antigenic coverage and crossreactivity with other members of the Entero- bacteriaceae. The preparation and testing of a polyvalent conjugate designed to detect all 0 and H antigens of Salmonella 0 groups A through I, K, L, and 0 are described in this report.
MATERIALS AND METHODS Strains. In this study, we used 133 Salmonella serotypes representing 0 groups A through 64. In addition, the following strains were tested: 142 Escherichia coli representing 0 groups 1 through 145; 35 Shigella representing 0 groups A through D; 33
Citrobacter freundil representing 0 groups 1 through 31; 36 Arizona representing 0 groups 1 through 34; 73 Klebsiella representing K types 1 through 72; 15 Serratia representing 0 groups 1 through 15 13 Providence representing 0 groups 1 through 29; five strains each of Proteus morganii, P. vulgaris, P. rettgeri, and P. mirabilis; five strains of Pseudomonas fluorescens; two strains each of P. dimunita, P. maltophilia, P. aeruginosa, P. putida, and P. stutzeri; and one strain each of P. alcaligenes and P. dinitrificans.
Antisera. The first antiserum used was the Salmonella polyvalent H antiserum produced by the Biological Reagents Section, Center for Disease Control (CDC), Atlanta, Ga. This reagent was produced by injecting, into rabbits, pools of formalinized broth antigens of the salmonellae listed in Table 1 , z23  z4, z24  Z4, z32  zlO  z27  z29  z36  z38  z39  z41   z37  z42  z43  z44  z45  z46  z47  1, 2  1, 6  z6  1, 5 n, x), and S. alachua (35:z4:z23). The pooled formalinized antigens were injected into rabbits. The other polyvalent antisera were made by injecting rabbits with pools of formalinized broth cultures of selected colonies of the salmonellae shown in Table 2 . The colonies were selected for smoothness and for agglutinability with 0-factor antisera.
All antisera were produced in rabbits by methods recommended by Edwards and Ewing (3) .
Preparation of labeled reagents. The globulin fractions of all antisera were obtained by three or more precipitations in the presence of 50% ammonium sulfate. The CDC poly H antisera contained 50% glycerin. The glycerin was removed before the antisera were fractionated by dialyzing first against running tap water for several hours and then against 0.85% sodium chloride overnight. The ammonium sulfate was removed by dialysis against 0.85% sodium chloride; protein concentrations were determined by the biuret method. The readings of the protein concentrations were made at 560 nm X.
The globulins were labeled with high-quality fluorescein isothiocyanate by the method of McKinney as described by Cherry (1). (8) . After drying, the slides were immersed for 2 min in a fixative solution containing 60 parts of absolute ethanol, 30 parts of chloroform, and 10 parts of formaldehyde, then rinsed briefly in 95% ethanol, and allowed to air dry.
Fixed smears were stained with the labeled conjugates for 30 min at room temperature in a moist chamber. The conjugate was then drained off, and the slides were rinsed briefly with agitation in a bath of phosphate-buffered saline (PBS) at pH 7.6 and put in a bath of fresh PBS for 10 min, after which APPL. MICROBIOL. they were dipped in a bath of distilled water and allowed to drain dry. A cover glass was mounted on each slide with buffered glycerol (pH 9), and the smears were examined for fluorescing organisms.
Fluorescence equipment. A Leitz Ortholux microscope fitted with an oil immersion condenser and illuminated by either a Philips CS-150 or an Osram HBO-200 mercury vapor lamp was used in this study.
The primary ifiter was the Schott BG-12 (3 mm), and the ocular filter was either an OG-1 or a Leitz blue-absorbing filter. The smears were examined under the 95X oil immersion fluorite objective.
Culture procedures. Specimens of foods, feeds, water, etc., were cultured by methods recommended by Galton et al. (5) . Environmental swabs and water samples were inoculated directly into tetrathionateBrilliant Green broth in field studies and transported back to the laboratory. If more than 48 hr. elapsed before they reached the laboratory, a subculture was made in which 1 ml of the initial tetrathionate broth was transferred to 9 ml of fresh tetrathionate. The latter was incubated for 24 hr before being streaked to plating media. Fecal specimens were cultured by methods recommended by Edwards and Ewing (3) .
RESULTS AND DISCUSSION
The fluorescein to protein ratio of the CDC poly I conjugate was 34 and of the CDC poly II conjugate, 36. The cellulose acetate strip electrophoresis (CASE) patterns of the two conjugates showed that the poly OH I conjugate had 69% gamma globulin, whereas the poly II had 70%. However, conjugates with F/P ratios of 25 or above show erroneously high per cent gamma by CASE.
The CDC poly OH I conjugate was titered against Salmonella serotypes representing Salmonella 0 groups A through I, K, L, and 0. The results given in Table 3 show that the staining with various strains varies from a 2 + intensity at the 1:2 dilution to a 4+ intensity at the 1:64 dilution.
In Table 6 . In addition to the 13 strains listed, five showed spotty fluorescence and 25 had well stained flagellae. and Proteus. All strains tested stained no more than 1 + with the conjugate. E. coli. A total of 142 strains of E. coli, representing 0 groups 1 through 145, were tested. Of these, 17 were stained 2 to 4+ by the conjugate. These results are shown in Table 6 . Several investigators have studied the antigenic relationships between E. coli and Salmonella extensively. Table 7 shows the titers Kampelmacher (11) was reduced from 17 to 7. All cross-reacting Citrobacter strains were negative with the IgG fraction. The reactions obtained with the IgM fraction are difficult to assess because the antibody activity of this fraction rapidly deteriorates. Further studies with a stabilized solution of IgM are needed to assess the reactivity of this immunoglobulin. The IgG fraction has remained stable for several months with no loss of staining titer. As further evidence of the cross-staining activity of the IgM fraction, the whole conjugate was diluted 1: 8 in 0.2 M 2-mercaptoethanol in PBS (pH 7.6), and incubated for 1.5 to to 2.0 hr in a 37 C water bath. When tested against pure cultures of Salmonella and the cross-reacting E. coli and Citrobacter, the fraction gave the same reduction in the cross-staining as the IgG fraction obtained by zonal centrifugation, and no loss in staining titer was noted. The mercaptoethanol treatment is a simpler process than zonal centrifugation, and the IgG obtained in this way appears to give staining activity comparable to that of the pure IgG fraction. Existing FA reagents can thus be made more specific without sophisticated separation procedures. FA and cultural examination of specimens. A total of 1,221 specimens of various types were examined by both FA and culture techniques. The results are shown in Table 9 . The number of FA-positive specimens that were shown to con- Only by repeated culturing of FA-positive, culture-negative specimens can the true sensitivity of the FA technique be determined. Four (0.8%) of the culture-positive specimens were reported as FA negative. This failure of the FA test was due not to the presence of Salmonella cells that were not covered by the reagent but to inadequate sampling or technical error. Two of the misses occurred when the enrichment broths of swab samples taken from chicken carcasses were examined. The scarcity of organisms in these broths could account for failure to detect some salmonellae by either FA or culture.
The FA tests on most of these specimens were made directly from the primary selective enrichment broths. Smears made from specimens that were grown first in the selective enrichment broth without prior preenrichment sometimes contained part of the original specimen. Thus, interpretation was difficult because of background fluorescence. Specimens of ground meat required subculturing to a second selective enrichment to minimize nonspecific or background fluorescence. When we examined the drain cleaners which contained several enzymes, we could not demonstrate any staining of the salmonellae even though they were present in large numbers in the primary selective enrichment broths and were easily isolated. After a subculture to a second selenite or tetrathionate broth, the salmonellae stained 4+ with the conjugate. The reason for this failure is not clear, but these observations point up the need to investigate optimal methods of culturing each type of specimen to obtain maximum sensitivity of FA results. Assuming that one method will prove equally effective with all specimens is unrealistic.
All of the FA-positive results reported in this study were based on the presence of peripherally stained organisms typical of salmonellae regardless of whether the organisms had stained flagellae. The presence of FA-stained flagellae attached to a fluorescing bacterial cell is additional evidence of the presence of salmoneilae, but even then a positive report is presumptive since many Arizona strains possess both somatic and flagella antigens in common with salmonellae. Some investigators (4) sera was tested and judged inadequate for reliable screening of foods and feeds. These authors state that their FA reagent used with a flazo orange counterstain is genus-specific for Salmonella with the exception of the Arizona group. This finding contradicts our experience and that of other workers. It is difficult to understand how a counterstain such as flazo orange could make a conjugate more specific. Counterstains usually depress the intensity of both specific and crossstaining fluorescence.
Since the CDC poly OH II conjugate was prepared, two companies have produced FA reagents for screening foods and feeds for the presence of salmonellae. Two of these are OH conjugates specifically designed for FA purposes; they cover all 0 and H antigens of Salmonella 0 groups A through S. A third is a polyvalent reagent designed to detect all salmonellae of 0 groups A through 64 . These reagents have been tested and found to stain all of the homologous antigens. The cross-reactivity of the two OH conjugates is comparable to that obtained with the CDC OH conjugate. The A through 64 conjugate was more reactive with nonsalmonellae, as one would expect. Any of these reagents should be useful in screening, if the user recognizes their limitations. Before the reliability of FA results can be adequately assessed, these reagents need to be further evaluated with smears of various foods, feeds, and environmental samples. 
